When the pelagic tunicate Pegea confoederata is presented with concentrations of particulate material equivalent to levels found in neritic areas, its feeding mechanism is disrupted. A bolus is formed that blocks the esophagus, dramatically decreasing the amount of material that enters the stomach. This bolus never occurs at particle concentrations ~0.5 ppm, and always forms at particle concentrations >S.O ppm. For oceanic waters, 0.5 ppm lies in the upper range of values, so that it appears that P. confoederata is adapted for feeding on average concentrations of particulate material in the open sea. These results are in contrast to those with most of the Calanoid copepods that have been studied. Because P. confoederuta feeds on oceanic average amounts of food, it can be more evenly distributed throughout the great oceanic central water masses, decreasing the likelihood of its discovery by predators.
The great majority of experimental work on marine planktonic suspension feeders has been done on copepods, particularly neritic species of Calanus and Acartia. Although the understanding of the basic feeding biology of these species is presently in a state of flux, there is a general consensus that certain responses of these animals seem clear-cut, and these have been incorporated into grazing models (e.g. Steele 1974; Steele and Frost 1977) . It appears that some calanoid copepods cease to feed (or feed at greatly reduced rates) at low concentrations of food (threshold feeding behavior). Likewise, above a certain concentration of food (the critical concentration), the clearance rate drops, and ingestion remains maximal and constant as food concentration is increased (but see Conover and Huntley 1980) . Thus some calanoids can regulate their feeding rates in response to changing concentrations of phytoplankton. However Mullin and Brooks (1976) have shown that one species of Calanus cannot meet its respiratory and growth requirements at average levels of food in the ocean. This has led to the logical conclusion, perhaps expressed most succinctly by Steele (1980, p. 6 to feed on the average, so each has evolved to concentrate where food is most plentiful, in turn supplying adequate sustenance for the level above." Since these conclusions and descriptions are almost entirely based on results obtained with neritic copepods, we became interested in seeing whether similar conclusions could be reached if a truly oceanic animal, such as the salp Pegea confoederata, were studied.
Salps are filter-feeders that capture particles with mucous nets (Fol 1876; Fedele 1933; Madin 1974) . The smallest particles ingested with appreciable efficiency are about 1 pm in diameter (Harbison and McAlister 1979) ; the largest are about 1 mm (Madin 1974) . All evidence suggests that salps are nonselective feeders (Fedele 1933; Yount 1958; Foxton 1966; Madin 1974; Silver 1975 ) that use muscular pumping to transport water through the feeding apparatus (a mucous net that resembles a plankton net in shape). Most salps are such active swimmers that they are difficult to study experimentally in aquaria (Harbison and Gilmer 1976) ; the mucous net breaks away when the salps collide with the walls of the vessels, and the feeding rate is decreased. However, a few species, one of which is P. confoederata, are sufficiently slow-moving that feeding rates in the laboratory probably approximate actual rates in the field. All evidence suggests, with the exception of a paper by Carlisle (1950) , that salps do not modulate filtration rates in response to 371 changes in the concentration of particles. In fact, if P. confoederata is presented with a sufficiently high concentration of algae, the feeding mechanism is disrupted when the mucous net becomes overloaded with food. The net then breaks away from the peripharyngeal bands, and a bolus is formed in front of the esophagus. The salp can no longer ingest food, and swims backward, apparently attempting to dislodge the bolus. Harbison and Gilmer (1976) first pointed out this effect and termed it "clogging."
We here quantify the clogging response for P. confoederata and show that it is likely to be a significant factor in excluding these animals from areas with high levels of particulate material. In contrast to neritic calanoid copepods, this oceanic salp seems to be adapted to feeding at the oceanic average or below; the adaptations which enable it to be successful in the open ocean also serve to exclude it from the nearshore environment.
We thank M. R. Reeve and M. M. Mullin for their comments on this and earlier versions of this paper.
Materials and methods
We collected P. confoederata (solitaries and aggregates) on cruises 11 (23 July-l August 1976), 22 (5-30 March 1977), and 33 (6-19 September 1977) (4-24 October 1983) . Stations where we collected P. confoederata for these experiments had surface temperatures ranging between 23.8" and 28.2"C, and all clogging experiments were run within +2"C of ambient, except for those on the Columbus Iselin cruise.
Clogging experiments-Our clogging experiments were conducted much as previously described (Harbison and Gilmer 1976; Harbison and McAlister 1979) . However, in the experiments reported herein, we watched the experimental aquaria continuously to determine whether clogging had occurred. Clogging consists of the formation of a bolus at the anterior end of the esophagus which cannot be ingested. The bolus appears to be formed in two ways: the mucous net becomes overloaded and tears away from the peripharyngeal bands, or the food string becomes greatly thickened. Once the bolus is formed, it may sometimes be dislodged by energetic reverse-swimming movements of the salp. These movements are usually not successful in dislodging it, however. If particle concentrations remain sufficiently high, the bolus is formed again, even if the salp has successfully dislodged the previous one. In our clogging experiments, we set a time limit of 2 h: if clogging did not occur within this period, we considered the salp as not having clogged. Until clogging was observed, aliquots were removed at 10-20-min intervals and preserved as described previously (Harbison and Gilmer 1976) . If clogging was observed, a final aliquot was immediately taken, and the experiment ended. Ingestion of fecal material can also cause clogging, so any fecal material was removed from the aquaria as soon as it was noticed. In the few cases where the salps clogged through the ingestion of fecal material, the experimental data were discarded.
Particles used in the experiments were either of the diatoms Thalassiosira pseudonana (Guillard clone 3H, nominal diam -4 pm), Thalassiosira sp. (Guillard clone 7-15, nominal diam -6 pm), and Thalassiosira weissjlogii (Guillard clone Actin, nominal diam -15 pm) or were obtained from Coulter Diagnostics (9.69~pm latex beads and 10.7-pm paper mulberry pollen).
We express concentrations of particulate material in this paper in "ppm," rather than as cells ml-l, so that particles of different sizes can be compared. Determinations of ppm (parts per million) were obtained from Coulter counter data with the following relationship: ppm = 1 Oe6 GMj(Cj) (1) where GM, is the geometric mean volume &m3) for Coulter channel i, obtained from the model T and TA worksheet (Coulter Electronics 1975) , and Ci is the average concentration of particles (particles ml-l) in Coulter channel i. We compared our determinations of ppm with values in the literature with the following relationships: If the normal residence time in the field is this short, then P. confoederata apparently cannot digest this centric diatom.
1 ppm = lo6 pm3 ml-l = 1 mm3 liter-l = 1 ml me3.
Ingestion experiments--For us to determine the effect of clogging on the amount of food ingested, the contents of the stomachs of the salps had to be cleared of fluorescent material. Separate P. confoederata aggregates obtained on RV Columbus Zselin cruise 83 11 were fed suspensions of potato starch until they produced white fecal pellets. The time necessary to produce such a fecal pellet varied between 4 and 24 h and thus obviously depended on the feeding rate of the salp. We refer to salps which produced a white fecal pellet as "salps with cleared guts," although some residual fluorescence remained in the stomach (see below).
In the first set of control experiments, salps with cleared guts were fed suspensions of T. weissfogii (Guillard clone Actin) until a dark fecal pellet was produced. The dark pellets were disrupted in small volumes of Millipore-filtered seawater and the contents counted with a hemacytometer, using an Olympus model CHBS microscope with fluorescence attachment. The algal stocks were counted in the same way. orescing material were visible. The same subsample was then counted again with transmitted white light. Counts of the algal stocks were essentially the same with both methods, as were the counts of fecal pellets for the first 12 h (Fig. 1 ). Cells that were in the stomachs of the salps for ~6 h were identical in appearance to cells from the stock culture: the red fluorescence was very bright and extended uniformly over the entire cell. Although cells which remained in the salp guts for between 6 and 12 h still fluoresced, so that counts with both methods were still essentially the same, the red fluorescence was dimmer, and in many cases the cell membrane appeared to have become separated from the cell wall. We therefore designed all of our experiments to be completed in <4 h-well within the period when no perceptible change in the appearance of the ingested algae could be detected.
All samples for fluorometric analysis were treated the same (by standard methods: Parsons et al. 1984) . They were homogenized in 90% acetone with a GFC filter, extracted for 2 h in a refrigerator, and then filtered through a 25-mm GFC filter. The filter was rinsed once with a small volume of 90% acetone, and the two filtrates were pooled, their volumes measured, and their fluores- cence measured with a fluorometer (Turner model 122). The pooled filtrates were then acidified with two drops of 0.1 N HCl and read again. We express our data in total fluorescence units (TFU), rather than chlorophyll, since the cleared guts of the salps had appreciable amounts of an unknown fluorescent material remaining in them.
No fluorescence of extracts of the white fecal pellets was detectable, but extracts of the cleared salp guts were proportional to body size (Fig. 2) . Although Madin and Cetta (1984) assumed a linear relationship between body length and the amounts of Auorescent material in P. confoederata guts, our data show that this is not the case. Further, we found no overlap between the two generations ( Fig. 2) . Extracts of the cleared guts of P. confoederata aggregates had acidification ratios of 1.12kO.03 (n = 1 l), and extracts of the cleared guts of P. confoederata solitaries were the same (1.12kO.06, n = 8). Extracts of the Actin clone stock cultures of T. weissflogii had acidification ratios of 1.62kO.02 (n = 8) and extracts of Actin-containing fecal pellets were essentially the same (1.58kO.08, n = 7), corroborating our observations with epifluorescence microscopy that clone Actin cells pass intact through the guts of P. confoederata.
The acidification ratios of extracts of stock cultures and fecal pellets are lower than those recommended by Baker et al. (1983) for determination of chlorophyll. However, since we did not determine chlorophyll, and all of the ingestion experiments were measured with the same fluorometer, the criticism of Baker et al. (1983) does not affect our results. Since acidification ratios vary between fluorometers, the empirical coefficients in Eq. 3 will be different, but the dilution curve will be the same.
Dilutions of the extracts with 90% acetone were linear, and acidification ratios did not change with dilution. If neither the fluorescence of the algal extracts nor that of the cleared gut extracts interferes with the other, then mixtures of the two should fall on a line defined by the following empirical equation: R= 1.62TFU,/TFU, + 1.12 TFUJTFU, + 1
where R is the acidification ratio of the mixture, TFU, the total fluorescence units of the algal extract, and TFU, the total fluorescence units of the cleared gut extract.
Mixtures of the two extracts were in good agreement with expected values (Fig. 3) , indicating that neither extract affected the fluorescence of the other. The fluorescence of extracts of potato starch was nil, and dilutions with potato starch extracts had no effect on the fluorescence of either cleared gut extracts or algal extracts. The control experiments therefore indicated that amounts of clone Actin ingested by salps with cleared guts could be measured. In other words, TFU, should be equivalent to TFUi (total fluorescence units of clone Actin cells ingested), since there is no degradation of these cells within 6 h after ingestion.
In the ingestion experiments, we fed individual P. confoederata aggregates potato starch until a white fecal pellet was produced. The salps were then transferred to a l-to 6-liter experimental vessel containing clone Actin in concentrations between 1 and 15 ppm. After the salp was placed in the experimental vessel, initial 20-ml subsamples were removed and preserved with 5 ml of Millipore-filtered, buffered Formalin for later counting with a Coulter counter, as described previously. No experiment lasted > 4 h-data from salps which did not feed were discarded. During the experiments, the salps were watched, and all fecal pellets produced by each experimental animal were removed and discarded. Because none of our experiments lasted long enough for the 375 clone Actin cells to pass into the fecal material, all the fecal pellets we removed consisted entirely of potato starch. If a salp that had clogged was able to dislodge the bolus, the bolus was removed from the aquarium as soon as it was released into the water. At the end of the experiment, the salp was removed and the container was stirred, and a final 20-ml subsample was taken and preserved. If the salp contained a bolus at the end of the experiment, it was removed with a Pasteur pipette and discarded; the gut was then cut out, homogenized, and extracted. We also ran control experiments with no salps; at the end of the experiments, predetermined subsamples of these controls were filtered and extracted for fluorescence measurements, and subsamples were also removed and preserved for Coulter counting. In this way, we could calculate total fluorescence units (TFU) per cell for each set of experiments.
one or all of the following factors: concentration of particulate material in the water; composition of the particulate material; and feeding rates of the salps. We expected that a salp feeding on a given concentration of particulate material at a high rate would clog, whereas another salp, feeding on the same concentration at a much lower rate, might not. To assess this effect, we first looked at the dependence of filtration rate on body size for salps in experiments with initial concentrations of particles CO.5 ppm. Since these salps never clogged, they could be regarded as showing the "standard" feeding rate. Harbison and Gilmer (1976) used similar concentrations in their experiments, so that our data can be compared with theirs (Figs. 4 and 5).
Results
Clogging experiments -Neither generation of P. confoederata ever clogged at particle concentrations < 0.5 ppm nor failed to clog at particle concentrations > 5.0 ppm, regardless of particle type or feeding rate (Tables 1 and 2 ). At concentrations between these two values clogging was variable, with a tendency to occur more frequently as concentration increased (Tables 1 and 2 ).
The greater scatter in our data is probably due to the fact that we used a more heterogeneous assortment of particles than did Harbison and Gilmer and that these particles may be retained with differential efficiencies (see below). For P. confoederata aggregates (Fig. 4) , our data more closely resemble their F (overall) values, whereas for the solitary generation (Fig. 5) our data more closely resemble their F (high) values. As our experiments were run over shorter periods than theirs, and our sampling intervals were longer, it is perhaps reasonable to expect that our data would be intermediate in this way. Clogging can be postulated to depend on
We then used the regression lines ob- aggregates, for experiments with initial particle concentrations ~0.5 ppm. Clone 3H-X: clone7-15-Ozclone Actin-&mixed-Cl. Solid line-least-squares regression line of data (log F = 3.76 log L -5.12, r = 0.78). Dashed lines-leastsquares regression lines from Harbison and Gilmer (1976) . Upper dashed line = F (high), lower dashed line = F (overall).
tained from the data in Figs. 4 and 5 to calculate a ratio, ai, defined as the ratio of the filtration rate actually measured to that expected from the regression line, and thus should not depend on size. For example, from Fig. 5 , a 78-mm-long P. confoederata solitary fed at a rate of 45 ml min-l, while an 83-mm-long P. confoederata solitary fed at a rate of 114 ml min-'. From the regression equation the expected values are 80 and 89 ml min-l, so that for the 78-mm salp, @ = 0.56, while for the 83-mm salp, a = 1.3. @ appeared to decrease as particle concentration increased. To test this, we divided the data into three groups: group 1, particle concentrations in which no salp clogged (CO.5 ppm); group 2, particle concentrations in which the salps sometimes clogged (0.5-5 ppm); and group 3, particle concentrations in which the salps always clogged (> 5 ppm). These groups are indicated by the vertical dashed lines in Figs. 6 and 7. For P. confoederata aggregates, a significant (one-way ANOVA, F2, 132 = 17.7, P < 0.001) difference was found between the groups. There was no significant difference between groups 1 and 2 (P > O.Ol), but @ values were significantly lower (P < 0.001) for group 3 than for group 2. For the solitary generation, there were too few individuals in group 3 (n = 4) to compare all three treatment groups, but + values were significantly (F 1, 61 = 12.2, P < 0.001) lower for group 2 salps than for group 1 salps. Group 2 salps that clogged had lower @ values than those that did not, but the difference was not statistically significant.
Thus, there is a tendency for the feeding rate to decrease at higher particle concentrations (Table 3 , Figs. 6 and 7), but, given our methods, it is impossible to determine whether this tendency is a response to the elevated particle concentrations, to clogging, or to both.
If + values for all of the unclogged P. confoederata aggregates are compared with @ values for all of the clogged ones, regardless of particle type or concentration, then filtration rates are 50% lower in the clogged salps. The greatest depression in filtering rate is seen for P. confoederata aggregates feeding on clone Actin, where the filtering rate of clogged salps is only 25% that of the unclogged ones, and the least depression is seen for clone 7-15, where the rate is 80%.
The highest feeding rates we observed consistently were with P. confoederata aggregates feeding on clone Actin cells (Fig.  6 ). Since this clone is the largest cell we used, with fibrils extending as much as 10 times its diameter (Gifford et al. 198 l) , these results suggest that it is retained with a higher efficiency than the other cells.
Ingestion experiments -Feeding rates observed in these experiments were consid- erably lower than in the shorter clogging experiments (Table 3) . Since the guts must be cleared first, the shortest ingestion experiments took 12 h to complete. It is to be expected that feeding performance would be deleteriously affected by so long a time in the laboratory. A second factor contributing to decreased feeding rates in these experiments is that the temperatures were 3"-5" lower in the experimental tanks than in the field. The lowered feeding rates appeared to have no effect on the clogging response (Table 3). If anything, we would expect a lowered feeding rate to increase the particulate load necessary to cause a salp to clog.
Salps in these experiments were classified into three categories: those that were clogged for almost the entire course of the experiment, those that did not clog at all, and those that were clogged for <90% of the experiment. In the last group, a bolus was visible for only part of the experiment -at other times there was no bolus present, and the salp was visibly feeding. The concentrations of phytoplankton we used were such that there was a possibility of clogging in every experiment, and in fact it can be seen that salps were strongly clogged at both the highest and lowest concentrations presented (Table 3) .
To determine the amounts of algae actually ingested by the salps, WC used two methods. In method 1 (Table 4) , we used the regression line for P. confoederata aggregates from 
where TFUi is the total fluorescence units of clone Actin ingested, TFU, is the total fluorescence units in the gut of the experimental animal, and TFU, is the total fluorescence units in the cleared gut of a salp of the same size, obtained from the regression line. This method may be considered as analogous to that of Mackas and Bohrer (1976) , where the "background" value of a cleared salp gut of comparable size is simply subtracted from the experimental value. However, we did not determine chlorophyll a, since there is no evidence that the redfluorescing pigment in salp guts is either chlorophyll a or any of its degradation products. It is obvious that the most serious source of error in this method is the calculation of TFU,, since the cleared guts of salps of the same size varied by as much as 2.5-fold (Fig. 2) .
In method 2 (Table 5) , we used the acidification ratio, R, of the gut extracts of salps fed clone Actin to calculate the ratio TFU, : TFU, from an expression derived from Eq. 3:
This ratio is then multiplied by TFU, from the regression line (Fig. 2) to give TFU,. Table 3 . Effect of particle concentration on the filtration rate of Pegea confiederata aggregates. In experiments 6 and 7, the boluses were formed so rapidly that the times which the salps were not clogged could not be accurately estimated. Note that TFU, in Eq. 3 refers to extracts of the stock culture, whereas TFUi in Eq. 4 and 5 refers to extracts of algal cells ingested by the salps. The major problem with this method is that TFU, : TFU, cannot be determined with precision when large quantities of clone Actin are in the guts. However, it is more accurate than method 1 for acidification ratios approaching 1.12, i.e. in clogged salps where a small amount of clone Actin has been ingested, since the precision with which it can be determined offsets the uncertainty of obtaining TFU, from the regression line. For example, in experiment 7, while doubling TFU, would double TFU, by method 2, it would reduce it tenfold by method 1. From a qualitative standpoint, method 2 is better, since it is obvious by inspection of the acidification ratios alone ( Table 5 ) that ingestion of clone Actin is greatly reduced by clogging.
After determination of the TFU per cell of clone Actin, the total fluorescent units removed (TFU,) can be determined from the Coulter Counter data: TFU, = (CO -C,)V x TFU cell-l (6) where CO is the concentration of cells at the beginning of the experiment, C, the concentration at the end of the experiment, and V the volume of water in the experimental vessel. Differences between TFU, and TFUi are due to both experimental error and bolus formation. In salps that did not clog, agreement between TFU, and TFUi with method 1 is reasonably good, whereas a great discrepancy is noted with method 2 (Table 6 ). This is due to the difficulty of accurately calculating TFUi : TFU, when large amounts of clone Actin cells have been ingested. On the other hand, in the case of the strongly clogged salps, the discrepancy between TFU, and TFUi is due to the fact that most of the algal cells went into formation of the bolus, and very few were actually ingested. Attempts to recover the boluses quantitatively were unsuccessful, since the material stuck to the sides of the pipette, Ideally, methods 1 and 2 should give the same result. In practice, however, they did not (Table 6 ). This is due to inherent problems of each method. Method 1 is more accurate when large amounts of the clone Actin are ingested. Its major weakness is that it is greatly affected by variability in the empty gut values (TFU,) determined from the regression equation. This variability will have its greatest effect when only a small amount of Actin is ingested. Method 2 is more accurate when small amounts of Actin are ingested since TFUj : TFU, can be determined with precision, offsetting the variability in TFU,.
Considering the limitations of the two methods, we find reasonably good agreement between them (Table 6 ). With all three types of clogging responses, at least one experiment gave essentially the same results with both methods. Regardless of which method is believed to be more accurate, clogging causes a drastic decrease in ingestion.We consider, for the reasons outlined above, that method 2 provides the most accurate depiction of the actual amount of material ingested by clogged salps-at most only about 2% of the material removed from the water.
Discussion
Although clogging reduces ingestion, it still might be argued that, since the levels of food are so much higher in neritic regions, even if these salps clogged, they could still ingest enough to survive, provided that they were able to expel the bolus blocking the esophagus from time to time. However, in most of our experiments, they were unable to expel the bolus, and the few clogged salps we have seen in the field appeared to be in poor condition.
The following calculation gives a good indication of the effect of clogging on ingestion. A 50-mm-long P. confoederata aggregate needs about 20 pg C h-' to meet its respiratory requirements (Biggs 1977) . In a neritic region, the Georgia Bight, Deibel (1980) found concentrations of particulate material ranging from 0.5 1 (150 pg C liter-') to 3.5 ppm (302 pg C liter-l). Let us assume that a P. confoederata aggregate exposed to the lower concentration did not clog, although one exposed to the higher concentration did. If we assume a filtration rate of 50 ml min-l (Harbison and Gilmer 1976) , that all of the filtered cells are ingested, and an assimilation efficiency of 75% [probably high, since Silver and Bruland ( 198 1) observed many intact phytoplankton cells in Pegea socia fecal pellets], then about 340 fig C h-l would be assimilated (about 17 times the respiratory requirements) by the unclogged salp. For the clogged salp feeding on the higher concentration, if we assume a filtration rate of 50% of that of the unclogged salp, that 2% of the material removed is ingested, and that the assimilation efficiency remains the same, then only about 7 pg C h-l (about a third of the respiratory requirements) would be assimilated.
From its physiological responses to alterations of the environmental particulate load (this paper) and temperature (Harbison and Campenot 1979) , P. confoederata seems to be an epipelagic species restricted to central water masses like the Sargasso Sea, unable to survive where temperatures are < 10°C and where levels of particulate material are B5.0 ppm ( Table 7 ). The breakdown of its feeding mechanism at elevated particle concentrations also suggests that it is unable to exploit regions of increased productivity as are those species that form swarms or blooms. Available distributional data supports the hypothesis that it is restricted to central water masses (Madin and Harbison 1978) , and we have never seen intense blooms of P. confoederata, whereas we have seen such blooms of Salpa cylindrica, Salpa aspera, Thalia democratica, and Brooksia rostrata. There is one report of a bloom of P. confoederata in the literature (La1 Mohan 1965), but it is not certain that it was correctly identified to species (see Madin and Harbison 1978) . It is to be expected that the clogging responses of species that commonly form blooms should be radically different from that of P. confoederata, yet the basic feeding mechanisms of all salps studied to date appear to be essentially the same (Fol 1876; Fedele 1933; Carlisle 1950; Madin 1974) . Therefore, subtle differences in either feeding mechanisms or behavior must exist. At present, we have no idea what these differences might be. Perhaps some insights can be gained when experiments similar to the ones we report here are performed on one of the bloom-forming species.
Levels of particulate material in oceanic waters can be over two orders of magnitude lower than in nearshore areas (Table 7) . It is at these oceanic levels that the food-gath- Sheldon et al. 1972 Brun-Cottan 1976 Brun-Cottan 1976 Swift et al. 1972 Gamble 1978 Paffenhijfer 1980 Sheldon et al. 1967 Paffenhiifer 1980 Poulet 1974 Van Valkenburg et al. 1978 Gieskes 1972 PaffenhSfer 1978 Swift et al. 1972 ering apparatus of P. confoederata performs most effectively, so that it appears to be adapted for feeding on the average concentrations of particulate material in the open sea, rather than needing to seek out locally elevated concentrations. This implies that P. confoederata can be more uniformly distributed in the great ocean basins than those organisms that cannot get enough to eat at average levels of food there. The selective advantage of being able to survive on average concentrations of food in the open sea, and thus be distributed more uniformly, is obvious when one considers that so many predators seem to seek out locally elevated concentrations of prey. As Steele (1980) points out, patches of plankton are easy for predators to feed on, once they are found. In fact, they form the basis of commercial fisheries, since animals that do not form aggregations are difficult for man to exploit as well. The survival of suspension-feeders such as Calanus and Acartia in the open sea must depend to a great extent on their abilities to find and stay in patches of phytoplankton. If they tend to aggregate where food is more abundant, they become easier for predators to locate.
Uniform spacing provides a type of "cover" unique to the open sea. All terrestrial, nearshore, and freshwater environments are planar, in comparison with the open ocean. An organism that forms aggregations in the open sea puts itself into a coverless condition. On the other hand, animals such as P. confoederata, which need not form aggregations in order to survive, are protected from predation by the very immensity of their environment.
